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lambs, concluded that lambs gain more rapidly in warm temperatures when
given diets of 60 percent concentrate as compared to 40 percent concentrate.

THERMAL EFFECTS ON PROTEIN REQUIREMENT OF SHEEP

Protein requirement includes both that necessary to maintain nitrogen equi-
librium (maintenance protein) and that needed for productive function. Ide-
ally, dietary protein exceeding that needed for maintenance is used only for
production (growth, wool, or milk); however, growth and other productive
functions may be limited by available energy because of increased energy for
maintenance during thermal stress. When energy is limiting, protein may
then be catabolized and serve as an energy source (Crampton and Harris,
1969).

Because of the relationship between energy and protein requirement, the
direct effect of climate on energy requirement has a subsequent effect on pro-
tein required for growth or production. Data suggest no effect of thermal en-
vironment on protein required to maintain nitrogen equilibrium (Brink and
Ames, 1978b). The frequently used protein-to-energy ratio for formulation
of animal diets is not appropriate for describing diets during thermal stress
when maintenance energy requirement and intake vary unless only protein
and calorie values surplus to maintenance are used to calculate a ratio. In-
stead, when formulating diets with respect to the thermal environment, both
energy and protein should be included to meet requirements for each nutrient
separately, and the protein-to-energy ratio of the diet should be ignored.

When energy requirement for maintenance increases (i.e., cold stress),
less energy is available for production, and consequently the protein-to-
calorie ratio above maintenance levels increases. Ames and Brink (1977)
have reported reduced protein efficiency ratio of lambs during both cold and
heat compared to TNZ. Ames et al. (1980) have suggested a system for ad-
justing protein above maintenance to match expected growth rate of lambs
exposed to thermal stress. When protein is adjusted, growth rate during ther-
mal stress is not altered, but protein efficiency ratio is improved. When pro-
tein is a more expensive nutrient than energy, cost of gain is decreased. Ta-
ble 26 indkates protein adjustments for a 27-kg lamb receiving a diet that is
expected to result in 272-g ADG.

ENVIRONMENTAL EFFECTS ON LAMB PERFORMANCE

Exposure of sheep to thermal stress affects voluntary food intake and mainte-
nance requirement as discussed previously. Obviously, average daily gain
and feed required per unit of gain are also affected by thermal stress. Few
studies have reported the effect of temperature on performance of growing